INTRODUCTION
In cone-driven horizontal cells of the fish retina dopamine acts as neuromodulator via Dl-reeeptors and G-protein-dependent intracellular pathways [for reference see Dowling (1991) ]. Application of dopamine causes several effects in fish horizontal cells. These include a decrease in conductance of gap junctions between horizontal cells (Mangel & Dowling, 1985; McMahon et al., 1989) , the formation of spinules (Weiler et aL, 1988a) and an increase of glutamate-induced currents (Knapp & Dowling, 1987; Knapp et aL, 1990) . The increase in glutamateinduced current is mainly due to a reduction in desensitization of glutamate receptors (Kruse & Schmidt, 1993; Schmidt et al., 199'4) . The effects of dopamine on gap junctions and on enhancement of glutamate-induced currents are mediated via a cAMP/protein kinase A (PKA)-dependent intracellular pathway (Lasater, 1987; Knapp & Dowling, 1987; Liman et al., 1989) . The dopamine-dependent formation of spinules and neurite retraction is mediated by protein kinase C (PKC) rather then by PKA (Weiler et al., 1988b; Rodrigues & Dowling, 1990 ). We have therefore tested if stimulation of PKC in horizontal cells, of the perch is also sufficient to enhance the sensitivity of the glutamate receptors.
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METHODS

Cell preparation
Horizontal cells were obtained from perches (Perca fluviatilis) kept in darkness for at least 12 hr. After decapitation, eyes were enucleated and hemisected. The retinas were isolated under infrared illumination, treated with papain, washed and dissociated as previously described (Kruse & Schmidt, 1993) . Horizontal cells were cultured in L-15 medium (GIBCO ®) at a temperature of 10-15°C. In this study we used cone-driven horizontal cells of the type 2 and 3 resembling horizontal cells of other teleost species in size and shape (Kaneko, 1970; Dowling et al., 1985) .
Measurement of concentration-response curves
Electrodes were produced as described by Hamill et al. (1981) , and filled with the following medium: 72 mM potassium gluconate, 48 mM KF, 4 mM KCI, 1 mM CaCI2, 11 mM EGTA, 10 mM HEPES, pH 7.5 and 1 mM ATP. Signals were amplified with an EPC-7 system (List ®) and stored on a video tape. Cells were clamped at -50 mV and superfused with the following extracellular solution: 145 mM NaCI, 2.5 mM KC1, 2.5 mM CaCI2, 1 mM MgSO4, 10 mM glucose and 20 mM NaHCO3, equilibrated with carboxygen (95% 02, 5% CO2). Dopamine, forskolin, OAG (1-oleyl-2-acetyl-sn-glycerol) and PMA (phorbol-12-myristate 13-acetate) were added to the standard medium. The agonist L-glutamate 3940 K.-F. SCHMIDT A C OOpA I FIGURE 1. Extinction-related voltage from the photodiode (A) and glutamate-induced membrane currents from a cone-driven horizontal cell clamped at -50 mV before (B) and after application of forskolin (C). In this example the downward voltage shift of the upper trace represents an increase of the glutamate concentration from 0 to 1000/tM. The relation between the extinctionrelated voltage (A) and the concentration of dye/agonist is not linear, but could be read from a calibration curve. All traces are on the same time scale. Traces (A) and (B) were recorded together, while for trace (C) a trace similar to (A) is not shown. The result presented here confirms that dopamine enhances glutamate-induced currents via a cAMP-dependent pathway as described earlier (Knapp & Dowling, 1987) .
was applied together with the inert dye Fast Green. A filter with an absorbance spectrum adjusted to the dye was put into the light beam of the microscope lamp. During agonist application the accumulating concentration of L-glutamate activated the membrane currents and the parallel accumulating concentration of dye reduced the intensity of the light falling into the objective. This light intensity was measured by a photodiode in an area directly surrounding the cell under study. The relation of dye concentration and photodiode voltage was read from a calibration curve, so a continuous measurement of membrane current in relation to a given dye/agonist concentration was possible (Fig. 1 ). The membrane current was not affected by the dye.
RESULTS
Cultured horizontal cells were voltage clamped at -50 mV and slowly superfused with an extracellular solution containing L-glutamate. The concentration dependence of membrane currents recorded from horizontal cells under control conditions exhibits a characteristic pattern: a sigmoid-like increase of current with increasing glutamate concentration is followed by a decrease of current at higher agonist concentrations [ Fig.  I(B) ]. This complex pattern is due to an equilibrium between activation and desensitization of ion channel receptors by L-glutamate. As described earlier (Kruse & Schmidt, 1993; Schmidt et aL, 1994 only activates the ion channels, but also causes a fast desensitization which is not observed when kainate is used as the agonist. Under conditions of equilibrium between glutamate and the receptor a certain fraction of channels is activated and another fraction is desensitized at a given agonist concentration. The ECs0-value for the desensitization is higher than the ECs0-value for the activation of channels. Therefore activation of receptors predominates at lower glutamate concentrations while desensitization prevails at higher concentrations, and the complex pattern of the dose-response relation emerges. For the analysis of our data we have used the concentration-response relationship:
In this equation I is the membrane current at a given agonist concentration JAil, Im.x is the maximum current activated by the agonist under study, EC5o is the halfmaximum saturation concentration and n is the Hillcoefficient for the activation of the current. For cells under control conditions only the sigmoid part of the concentration-response curve was fitted by Eq. (1).
As previously described, preincubation with dopamine enhanced the maximum currents by a factor of about two (Knapp & Dowling, 1987) and abolished the reduction of currents at higher glutamate concentrations [ Fig. 2(A) ] (Kruse & Schmidt, 1993) . Maximum currents before and after treatment of nine different cells with dopamine (200 #M, 5 min) differed significantly (P< 0.05, two tailed t-test). Data are given in Table 1 . As expected, incubation of cone horizontal cells with the protein kinase A activator forskolin had similar effects on the glutamate-induced whole-cell currents as treatment with dopamine [ Fig. 1(C) and Fig. 2(B) ]. The maximum currents were doubled and the complex pattern of the concentration-response relation was replaced by a simple sigmoid pattern. In five cells, the maximum currents induced by L-glutamate before and after treatment with forskolin (50 #M, 5 min) were significantly different (Table 1) 
